
Next Generation Fiber-Encapsulated 

Nanoscale Hybrid Materials for Direct Air 

Capture with Selective Water Rejection
Project Number DE-FE0031963

A.-H. Alissa Park, Columbia University

Yong L. Joo, Cornell University

Michelle K. Kidder, ORNL

U.S. Department of  Energy

National Energy Technology Laboratory

Carbon Management Project Review Meeting

August 15 - 19, 2022



2

Program Overview

a. Funding: $800,000 DOE + $200,000 Cost Share

b. Overall Project Performance Dates: 01/01/2021 ï10/31/2022

c. Project Participants:

Columbia University (lead institution: Alissa Park (PI))

Cornell University (Yong L. Joo)

Oak Ridge National Laboratory (Michelle Kidder)

d. Overall Project Objectives

We aim to address direct air capture (DAC) challenges by developing 

the next generation fiber-encapsulated DAC sorbent employing an 

electrospun, solid sorbent embedded with liquid-like Nanoparticle 

Organic Hybrid Materials (NOHMs) that will selectively reject water 

while allowing facile CO2 diffusion. 
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NOHMs for CO2 capture
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electrospinning technology
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polymeric materials

Jeffrey Xu (Postdoc)

Ah-Hyung Park (PI)  Annie Lee (GRA)

Dongjae Kim (Postdoc)

Yeonshil Park (Postdoc)

Michelle Kidder (co-PI) 



Technology Background
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Water-lean Solvents for CO2 Capture
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Ionic Liquids

Cation Anion

CO2BOLs

CO2 Binding Organic Liquids

Amidine 

Base
Alcohol

Liquid-like Nanoparticle Organic Hybrid Materials 
(NOHMs)

Petit, Bhatnagar & Park, Journal of Colloid and Interface Science (2013)

Introduction of nanoparticles increases the viscosity of the system

Ą Need to develop novel carriers of NOHMs



Encapsulation of NOHM -I -PEI

for CO2 Capture
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Rim et al., Advanced Functional Materials(2021)

Solvent Impregnated Polymers



AcceleratedCO2 Sorption Kinetics of 

NIPEI via Increased Interfacial Area
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Rim et al., Advanced Functional Materials(2021)



Gas-Assisted Electrospinning
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ÅSheath of  high-speed air promotes faster solvent evaporation 

than in traditional electrospinning

ÅAble to utilize faster flow rates to decrease processing time

Zhmayev, Cho, Joo, Polymer (2010)

Hansen, Cho, Joo, Small(2012)

Divvela and Joo, J. Appl. Phys. (2017)

Solution

Whipping motion 

from flow instability

Non-woven 

fiber mat



Core-Sheath Fiber Morphology
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ÅCoaxial electrospinning allows control of  internal fiber assembly

SiO2

Nanoparticles

in PI-b-PS 

Nanofibers

Alternating 

Layers of  

PI-b-PS Nanofibers

Core (SiO2)/Sheath 

(Ni) Nanofibers

Hollow 

V2O5/SiO 2 Nanofibers

Panels and Joo, J. Nanomater. (2006)

Kalra and Joo, Small 

(2008), (2009)

Kalra and Joo, el al., Macromol. (2006), Adv. Mater.(2006)

Sheath solution

Core solution
HV



Objective: To address direct air capture (DAC) challenges by developing the next 

generation fiber-encapsulated DAC sorbent employing an electrospun, solid 

sorbent embedded with liquid-like Nanoparticle Organic Hybrid Materials (NOHMs) 

that will selectively reject water while allowing facile CO2 diffusion. 

PAN/OPSZ
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Technical Approach/Project Scope

Experimental design and work plan

ÅQ1-Q2: Design and synthesis of NOHMs and polymers for DAC

ÅQ2-Q5: Fabrication of NOHMs/PIM coaxial fibers and analysis

ÅQ2-Q5: Fabrication of NOHMs(core)/ceramic(sheath) nanofibers and analysis

ÅQ3-Q6: Fabrication of air filters based on deposition of NOHMs/PIM or ceramic nanofibers

ÅQ4-Q7: Process modeling and TEA/LCA 

Decision Points Success Criteria

Can NOHMs be synthesized for 

DAC?

At least three of the synthesized NOHMs can effectively capture 

CO2 at the same levels as conventional DAC sorbents.

Can the fiber-encapsulated NOHMs 

capture CO2 faster?

The developed fiber-encapsulated NOHMs should be able to 

capture CO2 at a rate 50% faster than that of NOHMs.

Can the fiber-encapsulated NOHMs 

sorbent selectively reject water?

The developed fiber-encapsulated NOHMs should reject at least 

30% of water in the system.

Are fibers impregnated with 

NOHMs stable for multiple cycles?

The first generation of fiber-encapsulated NOHMs generated from 

this project should be stable at least 10 DAC cycles.  



Progress and Current 

Status of Project
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PIM -1 based 

NOHMs electrospun fibers
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10 µm

10 µm 20 µm

10 µm

NIPEI PEI

TEPANITEPA

Developed procedures to 

electrospin uniform 

PIM-1 composite fibers 

at high flow rate

Able to incorporate 

amine sorbents, both 

tethered (i.e., NOHMs) 

and untethered (free 

polymers)

Morphology shows flat 

fibers with 5-15 µm 

width and 1-1.5 µm 

thickness

Incorporation of Amine Solvent into 

PIM -1 Electrospun Fibers


